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CHAPTE8  I 

REVIEU  OF  BONE:  STBUCTOIE  AND  FURCTION 

Introduction 


Ln  horief  if  continuing  fn  demnnde  upon  CKe  nnimni  chfnge.  Exerciee 
physiology  nnd  bone  developuenl  h«ue  becone  an  expanding  area  of  equine 


equine  third  aecacarpala  (Hcllt)  fconi 


and  yearling  ponies.  The  project  involved  a nutritional  study  of  the 
Ufeleaa,  atone  like  naterial  with  the  sole  function  of  support. 


f Ca  levels  in  Che  blood  ia  sccoapliahcd  bj 


I secaboUns.  87  scorege,  leaoipcion  and 
cisaua.  WicbtD  OBaified  bone  lie  the  osCeacyCea  (eacvre  bone  celUl 


istcion.  The  orginLc  natrU  conaisca  gf  collagen  and 
ca  are  apecLaliaed  aulcinucleaced  calla  raaponaible  for 


The  bruflh  border  ie  celluler  border  edjec 


Oeteocytee  are  oateobUsta  I 
the  sane  oaceoblaatic  activity  oE 


oftiiHeaCLOD) , and  2}  within  carti: 


OBteogeneala  (oBsiKcatiao}  begina  in 


0 oateoblaata 


ealcLEied  by  abaorbing  Ca  aal 


•one.  The  crehecuU  bet 


Che  epecee  enaUer.  The  layered  si 


inereeeed  nunbece  of  oaCeocyces 
beariai  bones  in  Che  naCuce  ania 

begin  Co  differenciaCe  into  ohondcocyces.  Th< 
carciUge  naCrix.  While  Che  neeenchyosl  eelli 
diffacenciece  inco  chondrocy cea , teeaenchynsL  t 


• packed  Beeenchyaie. 


lirger  by  incersticibi 


ehondtocyces.  Because  growth  is  occcrring 


havo  differentUced  into 


)el  ia  reapooBible  for 
ioetaal  bud  (Banka,  19B1). 


arcilaga  by  oeceoclaaia 


ud  de?elap  cKe  aarrov. 


Eicatlon  cantara.  The 


inEarcellulaa  aubatance  than  baconiaa  calcified,  cauaing  the  c 
iovaaioD  pf  tiaauea  conaiating  of  capillariea  and  paceogenic 
the  calcified  carciLage  Baccia.  The  ptpceae  of  oaaification 

cartilage  aaparating  the  epiph;aeal  be 
cariDed  the  apiphyaeal  diek,  plate  or  | 

Inceraticial  growth  of  cartilage 


is  [hat  hone  lengch  is  increased.  Only  when  long  hone  growth  ceaaee 

The  hiecoLoBLCaL  organiaation  oF  the  epiphyseal  plate  ts  ainilar  to 
cells  are  identificahle  in  the  epiphyseal  plate. 

bone  oF  the  epiphyais.  The  cartilage  in  this  cone  does  not  divide  or 


0 replace  those  lost  to  laetaphyaeal  oaseoua 


The  third  sone  contains  natoring  chondrocytes.  Theee  cartilage 

■secure  they  becose  large  and  eapand  the  epiphyseal  dish  longitudinally. 
The  epiphyseal  plate  is  therefore  expanded  hoch  by  proliferation  of 


intercellulAr  sobatAoce  arabnd  cbe  carcUage  ceUi  beconea  increasingly 

diFferentiace  iocg  oaceoblaata.  Oacenblaats  arrange  cbenaelvaa  along 
tba  reananrn  of  Che  carcilaginoua  Erabeculae  and  cover  thee  with  a layer 


The  epiphyseal  ends  of  Che  crebeculae  Formed  by  Che  grovch 
ere  conacancly  elongaced,  yet  at  Che  periphery  of  Che  bone  chia 
crabecolae  ecays  about  Che  eaee  length.  This  eieana  chat  aa  rap 

diphyaeal  end.  This  ia  eccompliahed  by  oaceoclaeca  wrapped  aro> 

sCtachBenc  to  the  epiphyaia  has  a greacec  diameter  chan  the  nar 

the  metaphyseal  region  muat  be  decreased.  This  re^iuirea  that  bi 


longicodioal  rows  separated  from  one  snocher  by  intercellular 
substance.  The  longitudinal  rows  oF  cartilage  cells  are  Che  forerunoera 


CHAPTER  II 

KECKANICAL  PSOPEETIES  OF  ROHE 


DdChAHLCAl  propertiAB  oE  bone 


Schryver,  197E;  CrenebAw  eE  «U,  19SU).  More  recently 

BLBply  • puBh  nr  a pull.  There  ere  four  ehareccerlerlee  Ehec  deecrlbe  a 
Enrcei  1)  Bagnicude,  2)  line  nf  applicatinn,  3}  lenee,  (e.g.  upward  or 

Buritein.  1970).  The  Bagnitude  of  a Force  can  be  Beaeured  in  kilograciB. 


determined  by  both  the  size  end  quality  oF  the  naterieU  To  compare 

the  moBent  of  inertia  <I)  nuat  be  determined.  Ttaie  includee  the 

Becauae  of  the  irreBular  shape  of  bone  there  ere  diffleuitiei  in 
deceraintnB  Che  area  and  geometry  for  calculation  of  the  moment  of 


geometrical  propertied  ol 


»-w 


n 


e digitUtfd  gi 


of  bone  (Piotroweki  end  Xellnan,  I973).  Crnea-Bectiona 

(1979)  need  the  egoetion  for  e circle  to  celculete  the  moeent  o£ 
inertie.  fireehinB  strength  veluea  from  hynua  et  al.  (1971),  gchryver 


proportional  Limit,  or  linear  portion  of  curve,  ie  Che  area  of  plaacic 
strength  ia  the  etreea  at  which  the  bone  breaha. 


ia  meeaued  in  hg/cm^  or  HPa.  The  modulus  of  elsscLcity  is  e oeaaure 
of  Che  stiffness  of  bone  in  the  linear  eleatlc  region,  It  ie  determined 
from  a bending  teat  (figure  1)  by  the  following  equation! 


(®»  3 0 H 0 : 


Defomacion  (D)  U obtained  from  the  force-deformation  ci 


McElhaney  (19bb)  f 


increaaed.  Bone  may  denonecrate  nearly  twice  the  atiffneee  at  high 

reducing  the  poesibilicy  of  fracture.  Bynum  et  aU  (I97B)  failed  to 

Aeeently  there  have  been  many  atudiea  to  determine  the  phyaical 
forcee  to  which  equine  bonea  are  aubjected,  but  reiativeiy  few  atudiea 
of  the  mechanical  propertiea  of  bone  and  the  loads  they  can  withstand. 

In  order  to  assees  Che  many  factora  which  may  influence  the  mechanical 
properties  of  bone  etrength  a dace  set  of  normal  standarda  muac  firat  he 
obtained.  The  proceaa  of  bone  development  dictatee  Chat  cheee  standards 


Bynum  et  al.  fl971)  performed  fleaure  teeia  on  37  whole  equine 
metacarpalB  from  horeee  ranging  in  age  From  3 moncha  to  30  years.  T1 
bonea  were  teatad  by  3 point  bending  on  e teating  machine  flnstron 
Corporation)  until  failure.  The  load  waa  applied  at  the  midpoint  of 
metacarpal.  Croas-aectional  geometry  waa  determined  to  be  closely 
epproaimacad  by  2 ellipaes.  Per  the  calculation  of  the  moment  of 


followed  a aiaiUr  petlern. 


51  5horafa  at  al.  (197 
EL  Stiorafa  ec  al. 


avaraBe  noduloa  of  alaacicity  vaa 
■ecaearpala  iacreaaed  with  increaBing  age. 

approxiiaacely  the  midpoint  of  the  bone  at  a 
(i979]  aaaunted  the  gecaeetry  of  HcIII  to  he  a 


D " total  diameter  and  d * marrow  diameter. 

11  Shorafa  et  al.  (1979)  reported  breaking  atrengthe  irate 
■a  (1660  kg/em  ) at  eight  oonthe  to  20*  H?a  (2084  kg/cm^) 

wen  yeara  of  age  breaking  atreogt 


a (234i  kg/cm^) 


<>h  <tid  breaking  altangth  in  the  equine.  A linear  re|ceaaion  anelyaia 
of  breaking  strength  and  ash  shooed  a poaitlve  correlation  (r‘  - .5S>. 

that  breaking  atrengch  increase  rapidly  with  small  ineraasea  in  ash 
They  fit  an  e.ponential  car.e  to  their  data.  Curry  (1969)  e.plained  the 
failure  of  bone  to  completely  mineraliae  and  Chun  produce  a linear 


cesponaible  for 
chat  mineral  is  . 
crystals  disrupt 


ability  to  raaisc  dynamic  loading.  Curry  U969)  further 
the  relationship  of  bone  mineral  and  collagen  is 
Che  correlecioo  of  breaking  strength  and  ash.  He  stated 


I a load  is  applied. 

■e  mineral-collagen  m. 


le  collagen  molecules  wl 
dZ  Che  organisation  of 
m strength. 

Bynum  ec  al.  (1971)  and  B1  Shorafa  et  al.  (197 
ere  the  effect  of  age  and  bone  atrengch  in  hors 
n repotted.  Other  acudiea  have  used  bending  ceecs 
determine  bone  strength  in  response  to  dietery  treacmenC  and  eaerc 
Haugh  et  al.  (1971)  used  breaking  atrengch  from  flesuce  test  1 
compare  the  effects  of  diet  and  an  enabollc  agent  on  38  yearling 
ponies.  The  ponies  .ere  allocted  to  four  groups,  c.o  groups  receii 
either  a corn-soybean  end  net  diet  or  just  oats.  The  ocher  run 


the  ooly  acudiea  ml 


mineral  premia  added.  One 
given  an  ennbolic  agent.  1 


th  group  waa  randomly  nelectad  ai 
1C.  The  ponies  remsined  on  Crisl  for  one  year 
eaperiment  Che  poniea  vere  destroyed  and  the  thi 


Kere  W4S  no  dUference  b> 


Che  necncflcpali  n 


Ib/in  ) for  breekins  scrength,  ceepeccivel;.  Thoogh  Che  renulte  were 
noc  signifieenc  chere  van  a 14.11  reduction  in  breaking  strength  for 
.etacarpeU  and  an  11.01  tedoccion  for  ■aecaCaraalt  for  aDiiaaLs  receiving 
Che  anabolic  agent.  Fenalea  aeened  Co  be  nore  adversely  effected  chan 


by  erecting  lb  ku  a day  for  f 

Schryver  (1978)  reported  that 
breaking  screngch  or  nodolus 
of  different  bones.  He  found 


high  phosphorus  (2.7Z 


.here  vas  liccle  difference  in  Che 
elascicicy  froa  corresponding  quadrants 
.rearer  differences  between  che  quadrants 


indiceced  differences  i 


breaking  strength  were  positively  celaced  to 


t breiking  actength«  cl 


1 unexerciaed  pbniea,  fenalea,  o 


d Che  foccea  involved  id  equine  loeoraoc  ion.  Turner  eC  al.  (1975) 
nded  acein  gagea  ^ vivo  Co  the  cranial,  caudal,  eedial  and  lateral 

inter  nedial  end  lacerial  aapecca  of  the  laetecarpua  and  aetaCaraua  In 
; aid-diaphyaeel  region.  \ different  horee  vaa  uaed  for  each  hone 
'eatigeted.  Strain  changea  vere  recorded  »hile  acending,  valking  and 
atraina  Co  be  higheat  or 


trotting  or  pacing.  Turner  et  al.  (1975: 


Calculated  forcea  were  higheat  when  trotting  or  p 
CO  2.5  ciaea  the  l»dy  weight.  Straina  were  higheat  fo 
trbia  at  the  cranial  and  rcaniolateral  aapecta.  The  r. 
auhjeeted  to  forcea  2.5  ti.ea  the  body  weight  during  p, 
waa  loaded  approxiaately  equally  regardleaa  of  Che  typ< 


external  forcea  between 
digit  during  the  aupporl 
digit.  Sxcernal  forcea 


: al.  (1979)  developed  a 
forelimb  of  the  home.  Input  dace  for  the  i 
id  Che  ground,  eonfigun 


a force  plactona,  hinemacica  bj 


high-apeed  cinefilaa  and  digit  geoiaecry  fi 


im  comprefisive  ecrenpch  o 


Frederick  end  Hendereon  (1970)  deiigned  a EsccepUce  ttiet  eti 

deiigned  s eiiiler  farce  plate  uaing  a portable  Integrator  and  data 
recorder  and  a lighter  ahoe  ahieh  eould  not  interfere  with  the  normal 
atride.  They  looked  at  vertical  forces  during  Che  walk,  trot  and  center 
on  ahavingi,  a sand  track  and  packed  clay  and  found  forcea  on  Che  packed 

recorded  on  clay  were  much  higher  then  forces  produced  on  the  ahavinga 


With  evidence  of  increased  forces  at  higher  velocitiea  and  the 
pocentral  to  alter  forcee  by  changing  the  charaetecistics  of  the 
surface,  practicnl  application  of  this  lofonsaclon  can  be  made.  Cheney 
at  al.  (1973)  correlated  lameness  problems  with  race  crack  eurfaces. 
Impact  coating  was  used  Co  decemine  Che  hardness  characteristics  of 
five  tracks  and  reaulte  were  correlated  with  recorda  of  horses  reported 

dry  density  of  the  soil  system  are  impoccaot  to  the  reepooie  to  dynamic 
forces.  Chaney  ec  al.  (1973)  suggested  chat  a loose  top  cushion  of  5 cm 


They  suggest 


then  digitized  using  a oicroconputer  with  a grsphici  table 
cpoputer  program  was  used  to  coeipute  the  cortical  area  and 
inertia  for  calculation  of  breaking  strength  (Piotrowaki  a 
1973).  The  breaking  strength  of  Che  bone  material  was  the 

Caliper  croaa-sectionsl  oeaiurements  from  bones  were 
e diameter  (3),  AP  medullary  diameter  (b 
e diameter  (D),  and  U1  medullary  diasu 


lateromedial  (LN)  b> 


d Kellman. 
calculated 


>f  inertia  of  an  ellipse  (HIE): 

IE  a ir/64(8D^  - bd^). 

r calculating  breaking  strength  (BE)  and  elastic  modulus  (I 


■ 48  (I)  iD) 

where  P • load  ikg).  L • distance  between  supports  bone  re 
■ distance  from  neutral  axis  Co  eztreme  outer  fiber  Com) 

e determined  from  load  deformation  ci 


2). 


Preparation  of  2 cm  cor. 
containers  made  to  conform  tc 


a involved  resting  metacarpsls  1 
of  the  bone,  tiquid  urethane' 


ch  solidifies,  wss  poured  eround  the  nececerpil  to  provide  s uoifono, 

ss-sections  not  conforning  to  2 cm  length  os  deteniined  by  vernier 
ipere  were  ground  until  proper  speci lice t ions  vere  etteined.  The 

rs.  Bone  esh  wee  expressed  es  grams  per  2 cm  section  end  defined  as 


t oetecarpaU  or  due 


There  use  a more  gradual  increase  in  BHC  es  the  animals  reached  3 to  4 

was  a tendency  for  BMC  to  decline  (table  1). 

Breaking  strength  end  BHC  shooed  eiailer  reletionahips  oith  age 
(figure  5).  Breaking  atrength  trends  tended  to  change  more  dramatically 

aoimal  aged  past  its  fourth  year  there  oes  a decrease  in  breaking 
strength.  Kaxlmum  breaking  atrengths  were  reached  between  l.S  and  A yr 
of  Bge  (2151  kg/em^;  211  HPa).  Bynum  (1921)  reported  maximum  breaking 
strengths  occured  at  6 yr  of  age.  B1  Sborafo  et  al.  (1921)  reported 
maximum  strengtha  occurred  at  4 to  2 yr  of  age.  It  is  poaaihle  chat 
increased  hone  strength  at  younger  ages  reported  in  this  study  may 
reflect  advances  in  nutrition  and  the  changing  management  of  young 


30 


RELAIIONSUlf  BETWEEN  BONE  HINCRU.  CONTENT  (BMC) 
(g/a  cm  CROSS-SECTIM)  FROM  THE  BREAK  POINT  OF 
EqulNE  HETACARFALS  AND  AGE  OF  THE  HOEISE . 


At  BKC  incr«at«d,  brAaklng  Rtrengtb 
fisbion  (£igurR  6)  sinllsr  to  Che  reeponse  reported  b/  Vote  end  Ki 
(19B9}'  The  cocrelation  between  breaking  ncrength  and  BHC  wee  .bt 

caaparing  breaking  etrengch  and  bone  aineral  expreaaed  on  i 
baeia  <g/cm  ) (r^  ■ .699;  pC.OOl).  Curry  (1969)  explained 

relaeionabip  between  BHC  and  breaking  atrengcb 

ftoB  IB  and  1.  The  IC  over  eatinatea  I by  approxiiaately  1003 
Hegreaaion  aoalyaia  tor  I veraus  1C  <r^  ■ .gg;  pd.OOl)  Cflgui 

uaing  Che  equation  for  the  geoeietry  of  an  ellipae. 

whole  bone  Bual  be  aechanicolly  teated  (Bvana,  1973).  Byniua  < 
0971)  weed  an  elliptical  index  for  deceraining  the  area  aoeei 
inertia  for  breaking  accength  calculaciooa.  El  Shorafa  ec  al. 
need  a circular  index  to  calculate  Che  area  motnenc  of  inertia 
Hein  broken  by  flexure  teat.  Scbcyver  (197g)  aachined  email 


INERTu' 


TABU  2.  HOMENT  OE 


’ V«luf«  vitK  different 
BupereeripCe  are  different 
(p<.01). 


coteputed  by  SCADS  computer 


Homent  of  inertia  calcula- 
ted from  elliptical  equation. 


PlGUlie  7.  RELATIONSHIP  BETWEEN  THE  HCKENT  OF  INERTIA  COH- 
FUIEB  BT  THE  SCADS  COKPUTES  PROGRAM  <1)  AND  A 
CIRCULAR  ESTIMATE  OP  THE  MOMENT  OP  INERTIA  {10) 
DASHED  LINES  REPRESENT  9SE  CONFIDENCE  INTERVAL. 
REGRESSION  EQUATION  AND  STANDARD  ERRORS  ARE  RE- 


rZGURE  S . EtEUTlOliSKIP  BETWBU  THE  HOHENT  OF  INERTIA  COH- 
PUTBS  BY  THE  SCADS  COMPUTER  PROGBAH  U)  AND  AN 
ELLIPTICAL  ESTIMATE  OP  THE  MOMENT  OF  INERTIA 


for  Che  LrcegoUr  ehepe  of  bonee. 


load  Bey  poesihly  be 


between  BMC  and  breeding  load  (figure  9)  waa  .961  (pC.QOl) 
ilhan  opcimuB  Bineralieacion  is  achieved,  breaking  scrength 

lighly  organized  manner  and  in  a specific  ratio  of  mineral 

>r  Che  animal.  However,  through  dietary  «anipuIacion  end 
>r  controlled  stress  on  bone  the  breaking 


Proa  Che  force-defonucion  curve  (figure  10)  the  breaking  load  or 
force  required  to  break  the  bone  is  determined  by  the  height  of  Che 
curve.  Horses  age  3 to  4 raaisted  Che  highest  loada  before  failure. 

slope,  the  Btiffer  the  bone.  Higher  moduli  of  elasticity  were  found  in 
older  horses.  Younger  horses  hod  lower  moduli  of  elasticity  (i.e. 
slopoa)  and  showed  greater  deformationa  hefore  failure. 

In  this  study  the  elastic  aodulus  or  stiffness  of  the  bone 


3 MONTH  6 YEAH  o o o 0 

1 YEAR  • • • • 27  YEAR  

FIGURH  10.  FOBCE-DSFORMATION  CURVES  FOR  METACARPALS  PROH 


HFa)  and  reached  Taasinun  values  (37,000  kg/cn^;  3.6  GPa)  by  6 yr  of 

eUvCicicy  of  183,600  kg/co^  08  GPa).  hlchough  Che  aaoe  trends  were 
supports  the  bone  rests  on  and  the  point  of  application  of  the  load. 


:upport  rollers  when  hones  were  loaded  anteriorly, 
cel  ec  al.  (1978)  developed  an  analytical  sodel 


forces  involved  in  e<iuioe  locoaocion.  InforrsaCion  on  forces,  equine 
Uahs  are  subjected  Co  in  addition  to  evidence  Chat  eieroiae  effects 
bone  strength  (Schcyver,  1978)  increesea  Che  ioporcance  of  biomechanical 

chat  only  by  caking  age  into  account  in  Che  adoption  of  standards  of 
nonsalicy  is  it  possible  to  access  the  effect  of  other  factors  which  may 
influence  bone  development  (Heema  and  Heema,  1981). 

This  study  provides  on  a comparative  basis  information  about  age. 


pigvide  Lnfarnacion  on  the  relationship  ol 
bone  to  growth,  development  and  remodelinf 


CHAPTER  III 

E USE  OF  HOR-INVASIVE  TECHMIQUE8  T< 
IE  HIKERAL  COHTEHT  AND  STKEHCTK  IN 

lUdioEftphic  Phoioaecry 


prAdiccing  bone  oineral  contenl  (BMC) 
iL  AvallAbiUcy  of  non-in' 


d dkeletal  strength  (Mason  and 
: Abendsehein  and  Kyatc,  1970)> 

oechoda.  Presently  three  non-iovasive  techniques  for  predicting  BMC 

technique  having  advantages  and  disadvantagea. 


be  detected  viaually  (Ardrao.  1951;  Uchnan,  1955).  In  Che  late  1940' 
an  objective  technique  for  Che  ^ vivo  quancicative  evaluation  of  the 
Bineralieation  of  bone  was  developed  at  Pennsylvania  State  College, 
School  of  Chaiatry  and  Physics.  This  pioneering  work  of  Hack  ec  ai. 
(1949)  led  to  the  developeienc  of  the  Pennsylvania  State  Bone  Density 
Research  and  Evaluation  Center. 


I Burklc;  (1950  ni>rliin| 


teldted  to  the  ninerel  content  of  Che  hone.  The  authors  stated  thi 
HcFsrlend  (1954),  using  the  apparetus  di 


d 15.66  (or  hydroxApfltite  ind  suuieBCed  cilia  acandard  is 
(Andersoa  et  al.,  1966;  Meakin  et  al.,  196U. 

which  cauae  nonunifonnity  in  fil«  eaposura  and  radiation  acottering. 

The  "heel  effect"  was  detaonactaced  by  exposing  only  a file  Chen  scanning 
Che  Eiln  on  a densicoaetec  (Anderson  et  aL.,  1966).  There  was  a 
gradient  of  radiation  intensity  parallaL  to  Che  long  axis  of  che  tube, 
and  the  incensity  was  conscanc  at  right  angles  Co  this  direction. 

Pridie  (1967)  reporced  Chat  reducing  the  sine  of  the  field  by  adjusting 
the  fila  focua  diacance  can  reduce  Che  nonuniformicy  of  radiation  to 

Intenaifying  acteena  are  also  e potential  source  of  error  in 

definition  is  obcained  without  screens  and  thac  screens  nay  have  local 
varlatione  in  their  response.  Neeisa  et  al.  (1964)  stated  chat  cassette 
with  intensifying  screeas  provide  a source  of  irregular  densities.  They 
reported  chat  there  were  areas  of  eoual  density  Chat  could  be  identified 


<tid  uaed  for  bone  denaity  Maauraaenca.  Ekiaan  at  al.  (1970)  found  it 

Bcraena  at  low  energiaa.  They  aelerted  acreena  from  the  aa«e  eaulaion 
noeber  and  caaced  thcia.  The  benefila  obtained  in  Lowered  radiation 
haaarda  by  uae  of  acreena  ouEweigha  the  diaadvantagea  of  poaaible  arm 
(Ekaan  et  al.,  1970).  Kaakiia  at  el.  (1981)  found  high  corralaciona 
between  bone  mineral  and  radiographic  bone  alurainun  equivalenta  (RBAE) 
with  low  coefficient  of  variationa  uaing  incenaifying  acreena  at  a 
voltage  of  97  kv  and  an  aaparage  of  30  laa  with  a focal  (ilia  diatance  ol 


Soft  tiaeue  covering  inttodocea  error  in  bone  denaity 
cite  for  radiological 

the  am  waa  aubmerged  in  water  which  has  nearly 
coefficient  aa  soft  tisane.  Despite  this  effort  to  account  for  soft 
tieaoB  effects  the  anthora  reported  chat  when  radiographa  were  wade 
through  soft  tieaue  they  wei 

where  significant  denineraliaecion  had  taken  place. 

(1966)  X-rayed  an  aluninuw  stepwedge 
analyaia  found  that  the  thickeat  atef 


.e  wedge  appeared  to  absorb 

To  avoid  errors  created  by  soft  tieaue,  reaearehere  have  used  the 
phalanges  where  eoft  tiaaue  covering  la  nicinal  (McFarland  ec  al.,  1951; 
Anderson  et  al.,  1966).  Most  radiologic  detenaioacion  of  bone  aineral 
have  been  United  to  the  cortical  area  of  long  bones.  Heena  ec  al. 


ranging  from  5.02  to  1.3Z. 

Tnkohashi  and  Prone  (1966)  stacad  thne,  in  genoral,  matjre  boon  may 
be  gained  or  lone  at  one  or  any  conbination  of  four  locaticne;  the 
periosteal  aurCacen,  the  aurfaeea  of  vaecular  channels  michin  cortical 


lurfACtf.  They  suggeet  that  if  a narmal  papalatioa  ii  defined  by 
identified.  Large  acaia  aurveya  in  the  I960'a  docuaenred  aignificant 


bonea  with  a cyliodrical  gecaaetiy  the  equatian  - b^  (figui 

al.,  1969).  If  the  ccaaa-aectign  nare  claiely  reaeebiea  an  a 
geanetry  then  a latetanedial  radiograph  muat  be  taken  to  obta 

•iaeral  content  have  been  goad  IHeeiaa  and  Heeoa,  I960.  Eitc 
al.  (1969)  reported  a high  correlation  between  cortical  area 

and  Kirby  (1972)  correlated  combined  cortical  thickneaa  and 
croae-aectional  cortical  area  with  mideetacarpal  aah  content  i 
length  and  obtained  cocrelationa  of  .68  and  .78,  reapectively. 
El  Shorafa  et  al.  (1979)  atudied  Che  relationahip  of  aah 

al.  (1961)  compared  circwLar  and  eUiptical  croae-aectional  in 


(Hinti  et  al.,  1979:  Coacer  et  ah,  1983) 
overall  saeleCil  atatue  (Heema  and  Meeiea,  1981). 


Che  elliptical  area 
In  order  Lo  accoracely 


ne  naaa,  changea  occurring  at  Che  endoateal  aurface  nuac  be 
Radiography  offera  Che  advancage  ol  providing  oorphooetric 

Photon  Abaocpcionetry 

radiation  ia  proportional  to  bone  loineral.  Kaaon  and  Buchven  »ere  able 

low-inteoaicy  X-raya  and  a acintillacion  detector  conjoined  with  e 
phocoiulcipuer  cube.  The  bone  vaa  acanned  and  linear  abaorpcion  cucvei 


photon  abeorption  waa  different  from  X-ray  denaitomacry  in  the  follouing 
waya:  1)  che  trananiaaion  of  the  photon  bean  ia  oeaaured  directly  by  a 


« «ffects  of  the  ciifue  eroond  the  hone  are  accounted  for.  Caeieron 

Che  uee  of  radioKcaph  including:  choee  due  to  variability 

and  developBCnc;  errora  due  to  acatcered  r: 
in  abaorpcion  coefficienca  and  tiaaue  effecca. 
a aeanned  in  a rectilinear  pactero  photon  r. 

ed.  eeattered  or  ebaotbed.  The  cooeencretion  of  bone 
ainerel  end  aoft  tiaaue  in  the  path  of  the  radiation  bean  deceneinea  Che 

Caoeron  end  Sorenaon  (1963)  deacribed  the  houaiog  appatatua  for  Che 
coUioated  photon  aource  aa  a acainleaa  ateel  tube  1 cm  long,  3 mm  in 
diameter.  The  tube  la  placed  in  a lead  cube  5 can  below  the  photon 

aource  ie  rigidly  coupled  to  a Nal  cryacai  acintiliacion  dececcoc 

accounted  for  by  placing  a water  filled  bag  or  water  bach  around  Che 
limb.  Water  and  aoft  tiaaue  have  aimiler  abaorption  pacteroa.  becauae 
the  depth  of  Che  water  bech  la  uniform,  the  abaorption  due  to  aoft 
tiaaue  and  water  remain  conaCant  and  aerve  aa  a baaeline.  Subtraction 
of  the  haaeline  valuea  from  total  abaorption  reaulta  in  abaorption  due 


eparate  photon  cnergiea  in 
a tyatem  to  diacriminace  bi 


calculate 


body  can  be  ecanned  with  tbie  ayaten  {Haaeaat  1961). 

can  be  plotted  In  a trananittance  curve.  The  area  of  thia  c 
proportional  to  Che  BHC  iSaith  et  al.,  1972).  Although  a gi 
aolution  cao  be  ueed,  moac  ayateea  are  now  coupled  Co  aicroc 
6HC  ia  calculated  by  a machenaclcal  relacionahip  (Uancworch 
1971).  Standarda  chat  atiaulate  bone  have  been  developed  tc 


are  6HC.  BHC/boue  width  fw)  and  paradenaity  (Stoliker  et  al. 

BHC  (b/cw)  is  the  bone  mineral  contained  in  a croaf-aeccioo  < 
in  length.  The  BMC/W  la  a calculated  value  which  adjuaC  BHC 
and  body  aiie.  The  paradenaity  index  ia  calculated  by  divid: 
the  croea-eeccional  area  (g/cm^).  Paradenaity  in  aimilar  to 
gravity  oc  aah  content.  The  calculated  paradenaity  aaeuinaa  i 
croee-aectional  area  ia  a circle  and  mahea  no  adjuatment  for 
cavity  or  trabeculae  and  cortical  bone.  Although  the  relative  value  o: 


1976). 


S2 


Caoeron  and  Sorenaon  (1963)  initially  validated  the  photon 

taated  over  a wide  range  ot  concencrationa,  to  an  accuracy  of  within 
Heyer  at  al.  (1968}  taated  the  reproducihility  of  the  photon 

teat  tube  laounced  on  a plaatie  holder)  and  5 eighteen  b old  nale  birda  9 

coefficient  of  variation  of  2. 62.  The  8HC  vaLuea  for  the  raalaa  varied 
in  a cyclic  laanoer  froei  day  CO  day.  The  authota  auggeatad  the 

may  be  important  in  ahort-tarm  mobilisation  for  mineral  or  ionic 
balance.  These  reaulta  suggest  a high  degree  of  senaitivity  for  this 
technique, 

normal  human  subject  over  e 2 wh  period  and  reported  a coefficient  of 
variation  of  3.5t  for  cortical  bone  and  2.7S  for  trabecular  bone. 

Sanches  at  al.  (1981)  found  coefficient  of  variations  for  BKC/tf  of  2.2 
to  6.6Z  for  IQ  meaBurements  on  sis  rats.  They  reported  correlations 

research  in  Che  area  of  osteoporosis  of  elderly  women.  CSDeron  and 
Sorenson  (1963)  scanned  137  human  females  and  clearly  identified  a group 
over  SO  years  of  age  with  diagnosed  osteoprosis.  Repeat  m 
subjects  were  reproducible  within  32. 


53 


Heyer  ec  «1.  U968>  ad«pted  the  Cineron-Soreneon  technique  for  in 
VIM  deterainitinn  of  BHC  foe  uee  in  poultry.  They  found  a correUtlon 
betveen  hone  oaas  end  neh  weight  per  oi  bone  of  .95.  The  hone  lease 
decereinetion  were  reproducible  within  3.22. 

rabbit  as  a leodel  for  the  study  of  bone  mineral  changee.  The  authore 

male;  r • .81.  female)  end  body  weight  (r  - .72,  male;  r - ,81,  female). 

Sanchet  et  al.  11981)  also  reported  poeitiue  correlations  between 
body  weight  and  femur  BMC/tf  (r  - .93)  in  rata.  BKC/H  determined  by 
photon  absorptiometry  wae  also  correlated  with  whole  femur  ash  weight 
(r  • .93)  and  dry  weight  (r  • .93). 

source  and  dstector  for  uee  on  large  animals.  The  photon 
a interchangable;  for  dogs  and  smaller  animals, 

for  equine  hones.  Correlation  coefficients  f 
e and  equine  bone  was  .99.  Wentworth  et  al, 
a a scan  on  mature  dogs  and  horses  ai 


h (g/tm) 


i from  dogs  satrifieed 
fter  beginning  the  rep 

'<•01)  (Wentworth  et  al.,  1971). 


diet  a progressive  increase 
f feeding  the  Ca  repletion  d 


performed  on  mandiblea  of  adult  beagles 
1 wk  then  supplemented  with  varying  levels 


of  fluorLde  (Henrikson  ec  si.,  1970).  lesulta  atioved  that  oinaral  maai 
dacraaaad  with  increaaing  levels  of  fluoride.  Radiogrephit  and 

explained  the  incongruence  becueen  the  reanlta  by  suggesting  that  the 
bone  of  Che  aandible,  composed  mainly  of  crabecular  bone  has  the  highest 


Krook  et  si.  (1971)  depleated  bone  Ca  in  a group  of  adult  beagles 
using  a diet  containing  0.12J  Ca  and  1.2X  P.  Sutritioosl  osCeopotoais 
was  diagnosed  in  the  dogs  and  after  42  tfeeke  on  Che  low  Ca  diet.  The 

absorptiometry  showed  rsoineralizacion  was  a lloear  function  of  cine  on 
Che  repletion  diet  and  was  completed  after  24  weeks. 

Katcin  et  el.  (1981)  performed  a survey  study  with  154  beagles  (79 
H,  74  P)  ranging  in  age  from  14  to  187  n.  BHC,  bone  width  and  WC/H  of 
the  right  tibia  ware  determined  using  photon  absorption.  Weight  had  a 

they  began  to  decline. 

Jeffcott  (1985)  used  photon  absorptiometry  (Norland  Bigical  8one 
Oenaicomecer^)  to  aaaeaa  booe  puality  in  27  throughbred  or  crossbred 


e firit  6 It  followed  b 
Jeffcott  (1983)  •!> 


rse.  A 3 yeer  old  were  was  confined  In  a acall 


1 paddock  along  t 


Jeffcotc  (1983)  ceporced  chat  photon  abaorption  ia  a rapeatable  and 
reliable  technique  hgt  noted  aevaral  dlaadvantagea:  1)  acanning  ti»e  of 

Photon  abaorption  la  a highly  aenaltive  a 
for  eatlnating  BKC  and  in  a controlled  reaearcl 

qlcraaound 

VUraaound  was  developed  la  the  1920'a,  when  aonar  made  it  poailble 
tor  ahipa  to  locate  aubaarinea  within  their  tranaaittiog  area.  Water 

which  could  detect  objecta  with  denaitiea  different  froo  Che 


developed  by  Pratt  (i980).  Pratt  (1980)  found  chat  the  velocity  of 
aound  traveling  through  bona  reflected  Che  atrength  end  veakneaa  of 


Soundwaves  travel  through  hone  with  a velocity  {a/eec)  chat 

Hyatt  <1972)  defined  the  relationihip  betweei 
teecing  guinea  pig 


al,  197S)>  Abendehein  end  Hyatt  <1972)  defined 


of  Che  aodului  of  elaacicity:  Z ■ 
elnscicicy,  V li  velocity 
Ahendechein  end  Hyatt  <191 


calculation 


of  elaacicity  and  breaking  stcengch,  euggeic  a direct  reUcionthip. 
Therefore)  there  eppeera  to  be  a clear  relacionehlp  between  the  phyaieal 
properciea  of  the  lodului  of  eleetlcicy,  and  breaking  ecrength  of  bone 
and  the  velocity  of  aound  through  bone  <Abendachein  end  Hyatt,  1972; 


Greenfield  eE  nl.  il98I]  need  ultraeokind  end  phnton  ebanrpEinoetry 


d ffloduLue  of  eleericity. 


with  Che  iicecaCdie.  To  ceac  cha  eUnical  efficacy  of  cheic  aeched  they 
coapered  hMC  end  B decenined  hy  uitreeound  and  photon  abaorpcion  with 

Greenfield  ec  al.  <1961)  reporced  Che  uLcreaound-phocon  abaorpcion 
technique  vaa  a sore  accurate  predictor  of  oaceopruais  than  a vieual 
radiographic  acore,  plaana  alkaline  phoephataae  and/or  aerua  creatinine. 

Gerlanc  ec  al.  (1978)  nade  ulcraaonic  velocity  BeaaureBenta  of  886 
human  aalea  and  feaalea.  The  data  demonacraced  a pattern  of  decreaaing 
bone  denaity  with  age  which  corcceponde  with  the  findinga  of  ocher 
ecudiea.  They  were  alao  able  Co  accurately  follow  the  healing  of 
fraccorea  by  aequential  amaeureaenca  oaing  Che  onfraetured  limb  aa  a 


fractorea  io  Che  1 
radiographa  revealed  a 


aooicor  the  healing  of  non-union 


i«  breaking  acreiLgch.  The  dacreaae  Lh  breaking  eCranBCh  reported  by 
the  literacure  (Bynun  at 


. 09B3)  reported  u 

The  ioformetioD  wea  collected  on  262  thoroughbreda  to  trainln|  at  eajor 
trecka.  They  reported  their  eccoreey  to  be  better  than  12  and 
reproducibility  to  be  better  then  0.52.  They  report  a correlation 
coeCficient  of  .96  betaeen  the  left  and  right  teetacarpals.  A high 

included  the  correlation  coefficient  dropped  to  .76.  Rabin  ec  al. 
to  predict  or  monitor  changea  in  bone  atrength  due  to  training  related 


;i  is  benefLciil  co  the  clinical  detertiinacinn  of  fracCoro  threehold. 

nonal  equine  cadaver  uecacacpals  with  epecific  Rrevitiea.  The 
hora  reported  an  apparent  linear  relatiooahip  but  noted  coneiderable 

relationahip  with  veriancea  about  the  line  of  ♦ 61  «/aee.  Standard 
deviaciona  for  individual  poiota  uere  r 20  «/aec.  The  reported  the 
technique  wea  aiupLe,  inexpenaive  and  reliable.  The  authora  alao  noted 


Evaluation  of  Bouina  hi 


le  Strenteh 


A etudy  uaa  deai^ned  Co  evaluate  Che  predictive  capabilitiea  of 
photon  abaorptlon,  radiographic  photometry  and  uleraacund  eospariog  Che 
cechoiquea  on  a coenon  group  of  equine  third  ■aatacarpala  with  aNC 
decomioed  by  aahing  and  bone  atrength  determined  by  flexure  teat. 

Experimental  Procedure 

The  BMC  of  25  poire  of  third  neCacarpala  (Hclll)  waa  eacimaced  by 
three  oon-invaaive  techniquee;  radiographic  photosecry.  uLcreeound  and 
photon  ahaorptiomecry.  The  right  end  left  HcIIt  of  oquioe  cedevera  of 
varying  breeda  and  ranging  in  age  from  I d to  27  yr  uere  ueed. 
Anteriopoaterior  radiogrephe  of  Mcltl  uere  taken  uith  an  aluminum 
atepuedge  expoaed  eimultaneoualy  aa  a reference  itandard.  A photometric 
acan  of  Che  atepuedge  and  bone  (I  cm  belou  the  nutrient  foremen) 


in  plastic  bags  and  frozen  at  i 

High  frequent;  ulcraaound  was  ui 

placed  on  the  lateral  aide  of  Hclll  i 


a veloeit;  that  rspreaence  the  nateriel  ai 
bone  (Gerlanc,  et  aU,  1975).  The  ulcraaonic 
Pananecrica  5055  traosqiccer/receiver^  which  waa  coupled  Co  flB 
Aerocech  l>ffle  natched  transducers.  The  craaaducer  signal  waa  displayed 

laceroDedial  dianeters  of  bone. 

absorptiometry  which  included  a collimated  radionuclide  source  emiecLog 
a radiation  beam  at  two  separate  energies.  As  chs  MclII  were  scanned, 
radiation  was  transmitted,  scattered  or  absorbed  depending  upon  the 
amount  of  mineral  in  the  bone.  Duel  photon  ebsorptiovecry  is  designed 


e effects  b; 


Panametricte.  Model  5055.  Halthera,  HA. 
ballantine  Lab  Inoorporaced.  Model  IQ23AB.  Boonton,  H 
Hadisoo,  HI. 


t Radiation  Corporation. 


kt  bending  on  n coBCing  uBcbine^ 


vicbooc  BBBuaing  geofoncricBi  shops  (PioCrkswskL  et  «1.,  1963).  C«liper 
crOBS-BBCtioaal  Dessorevencs  froa  bones  and  radioBrapha  were  deCemkined 

bone  diaaecer  (D) , and  LM  aedkrllary  dianeter  td)  (figure  2).  Bouations 

(CAD  fron  bone  and  radioBraph  XAt  (B^  - b^)  and  elliptical  crosa- 

Preparacion  of  2 ca  ccoaa-Bectione  involved  reacing  raecacerpala  in 
to  coofora  to  the  else  of  the  bone,  biqkiid  urethane 
h aoUdifiee,  was  poured  around  the  necacarpaU  to  provide  a unifora 


caltpere  were  ground  until  proper  epecificationa  were  attained. 


Brad  foam.  Auto  Marine  Supply,  Inc.,  Pinnelia  Pk 


and  DiieuBBion 

BHC  increa««d  nith  age  fron  I d co  3 yr  (figure  11  and  figure  12). 


Figure  11  repreeeiua  BHC  fron  bone  sections  removed  1 cio  belou  the 


Koet  of  Che  oinecsUaatlon  occurred  during  the  first  yeari  BHC  were  3 co 
* g for  neuborne  and  increased  co  id  to  16  g for  yearlings.  There  uas  a 
■ore  gradual  increase  in  BHC  up  to  3 to  4 yr  vheu  BMC  reached  the 

to  decline.  These  reeulca  ore  sioilar  co  the  work  of  El  Shorafs  et  al. 


As  BHC  increased,  breaking  strength  increased  in  an  exponential 


fashion  (figure  6)  sioilar  co  Che  response  reported  by  Voae  and  Eubula 
(19S9).  Curry  (19691  explained  Che  failure  of  bone  Co  conpletely 
olneraUee  and  thus  produce  a linear  relationship  between  BHC  and 
breaking  strength  by  suggesting  thee  ■inerallxacion  beyond  ao  optimua 


value  would  decrease  reaiUeney  of  bone  and  reduce  its 
dynamic  loading.  Breaking  screogch  (kg/co’l  refUcte  t 
reijuired  co  break  the  bone  and  Che  distribution  of  the 

screogch  was  .643  (pC.OOOI)  (cable  2). 

Breaking  load  is  the  force  (kg)  required  co  break 
load  is  deCerained  by  Che  sice  and  quality  of  che  osaeo 
correlation  between  BHC  and  breaking  Load  (figure  9)  wa 
(cable  2).  The  correlacione  between  equations  for  calci 


.961  (pC.OOOl) 


KELATIONSHIP  BEMVEUI  BONE  MINERAL  CONTENT  (BMC)  0. 
2 CD  CROSS-SECTION  REMOVED  FROM  1 cm  BELOW  THE  NV 
TKIENT  FORAMEN  0 


=■- 


RELATIWSHIP  BETUEDi  BONE  HINERAL  CONTENT  (BMC)  OF 
2 CD  CROSS-SECTION  REMOVED  FROM  THE  BREAK  POINT  OF 
HETACARPAIS  AND  AGE  OF  HORSES. 


COBiteuTIOII  COeBFICUHtS 
rOB  SCADS  vs  AREA  INDICES 


UITH  CALIPeH  KEASUREHENTS  FROM  RADIO- 
GRAPHS. 
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RfLAnONSHIP  BETWEEN  ACTUAL  COMPUTER  CORTICAL 
AREA  (SCABS)  AND  CIRCULAR  CORTICAL  AREA  INDEX 
CALCULATED  WITH  CALIPER  MEASUREMENTS  FROM  BONE 


KZLAIIONSKI?  BETWEEN 
CAL  AREA  (SCADS)  AND 
AREA  INDEX  CALCULATED 


ACTUAL  COItPUIED  CORTl- 
ELLIPTICAL  CORTICAL 
WITH  CALIPER  KEASURE- 
-SECTIOMS. 


reel)  cortical  area  and  BMC  (figurea  li 
biglieat  correlaciona  and  Che  leaaC  a> 


Ihe  cocrelecioTi  between  BHC  and  >n. 


aaa  .948  (b<.0B01).  Figure  21 
for  Che  lateral  peak  (I.A); 
pointa  .907  (pd.OOOl).  The  Bidpoinc 
fijure  22,  r - .947  (p<.a00O.  High 


eorcelacicna  bet 
derived  Ereta  one 


i5)  reviewed  radiographic  diagooeia  of  oaceoporoaia  and 


FIGURE  16.  RELATIONSHIP  BETWEEN  BONE  MINERAL  CONTENT  (BMC) 
RADIOGRAPHIC  CORTICAL  ARE^INDEx'*WI)^**^ 


BMC  (0) 


FiantE  19.  RELATIONSHIP  BETWEEN  BONE  HINERAL  CONTENT 


(BMC)  OP  2 cm  CROSS-SECTION  OF  EQUINE  MET- 
ACARPAL AND  ACTUAL  COMPUTED  CORTICAL  AREA 


TAiLe  4.  COfUELATlOK  COEPFICIEKTS  POS 
BMC  VS  4!I£A  IKDICES 


75 


FIGURE  2D.  RELATIONSHIP  BBTUEEN  BONE  HINERAL  CON- 
TEUT  (BMC)  OF  2 OB  CROSS-SECTIOH  TAKEN 
FROM  EQUINE  KETACAHPALS  I on  BELOH  THE 
mriRIENT  FORAMEN,  AND  THE  MEDIAL  PEAK 
OF  RADIOGRAPHIC  BONE  ALUMINUM  EQUIVA- 
LENTS (RBAE)  CORRESPONDING  TO  THAT 
CROSS-SECTION. 


RELATIONSHIP  BETUEEN  BONE  MINERAL  CONTENT 
(BMC)  OF  2 cm  CBOSS-SECTION  TAKEN  FROM 
EQUINE  KETACAXPAL.  I CD  BELOW  THE  NITIRl- 
ENT  FORAMEN,  AND  UTERAL  PEAK  OF  RADIO- 
CRAFHIC  EONE  ALUMINUM  EQUIVALENTS  <R5AE) 
CORRESPONDING  TO  THAT  CROSS-SECTION. 


V 


FIGURE  22.  RBIATIONSHIP  B8IHEEN  BONE  MINERAL  COKTENI  (BMC)  OF 
2 cm  CROSS-SECTION  TAKEN  FROM  EQUINE  METACARPAL,  1 
CO  BELOW  THE  NUTRIENT  FORAMEN.  AHB  MIDPOINT.  RADI- 
OCRAPHIC  BONE  ALUMINUM  EQUIVALENTS  (RBAE)  CORRES- 
PWOING  TO  THAT  CROSS-SECTION, 


riCURE  23.  RELATIONSHIP  BETHEEN  BONE  MINERAL  CWTBBT  (BMC)  OF 
2 c«  CROSS-SECTION  TAKEN  FROM  EQUINE  METACARPAL,  1 
CB  BELOW  THE  NUTRIENT  FORAMEN.  AND  THE  AVERAGE  OK 
THE  LATERAL  PEAK,  MEDIAL  PEAK  AND  MIDPOINT,  RADIO- 
GRAPHIC  BONE  ALUMINUM  EQUIVALENTS  (RBAE)  CORRES- 
PONDING TO  THAI  CROSS-SECTION. 


RADIOGRAPHIC 


r«dldgraphLc  dertsiconeccy  for  C>ie  Sorse  is  Chst  rVie  entire  Hclll  sen  be 

sec  nsde  it  ideel  for  use  in  the  horse.  Corcicel  sees  end  bone  ^eooeCry 
c&n  be  detensined  frors  radio^rsphs.  Cohn  (19SO  reported  s standard 

abaorptiofoecry  of  ebZ.  ^ vivo  precision  errors  as  low  as  IZ  and  as 

of  defleshed  chicken  bones  had  coefficients  of  variation  froio  .88  to 
l.ZZZ  these  values  are  similar  to  those  obtained  by  Heakim  et  al.  <19BI) 

f uncootrolled,  errors  in 


p<.000l).  The  correlation 
acrength  was  .it  fpd.OOl)  ( 

(Keyer  et  al.,  1966;  Wentworth 
et  al.,  1961).  Precision  ercoi 

correlation  coefficients  for  bone 


method  for  predicting  BKC 
lith  et  al. , 1972;  Sanchet 


FIOIRE  24.  RELATIONSHIP  BETWEEN  BONE  KINERAL  CONTENT  (BMC) 
OF  2 CO  CROSS-SECTION  SETERHINEO  BT  ASHING  AND 
PHOTON  ABSORPTION  ESIIKATED  BONE  MINERAL  CONTEST. 


PHOTON  ABSORPTION  AND  UDT 
CORRBLATION  COePPICIENTS 


(.994)  there  were  eeverel  disedventaf;ea  fer  (n 

U^£reeound.  The  correlation  of  BHC  ' 
point  of  failure  or  oid  point  (figure  25)  for  all  agea  waa  .( 
(pt.OOOl)  (cable  6).  When  agea  were  broken  into  groupa;  1 d 


C)  heavy  cranquilieacion 
)n  paccern.  Scanning 
di  EficuU. 


n figure  26  (r  - .624;  p<.0001' 
he  Bodulue  of  elaaticicy  (Bich 

(figure  27)  waa  ,620  (pd.OOOl).  In  Che  deci 


ulcreaound  a 


1961),  The  correlacion 
"effective”  velocity  nechod  o 
with  V ■ velocicy,  d • area  (m^)  calculated  by 


Ulcraaound  velociciea  froo  b 
enalyaia.  Correlaciona  were  high 


me  eecciona  f: 


FISURE  25.  REWTlONSaiP  BETWEEN  EWE  MINERAL  CONTENT  (BMC) 
OF  2 CO  CROSS-SECTION  QETERHINED  BY  ASHINC  AND 
ULTRASOUND  VELOCITY. 


PIGUM  26.  REWTIONSHIP  BETWEEN  BREAKING  STRENGTH  AND 
ULTRASOUND  VELOCITV. 


FIGURE  27.  R2LATIQHSHIP  SEIHEEN  MODULAS  OF  ELASTICITY  ASB 
UlISASOUSD  VELOCITY. 


nC  (cible  8).  I 


tti«  D£sns  indicates  all  aeana  a 


Review  of  tbe  liteceCure  euggesC  t 


iscc  can  be  detected  (I 


ALthDugb  all  techniques 
anieele,  further 
ability  te  predict 


nvasive  cechniques  and  their 
and  breahieg  strength  in  eature  aniiaals  is 

strength  of  bone. 


R BHC  AND  BREAKING 


Circular  araa  iades/ulcraegund  rime. 


H1Ai.TRASCXJN3 


REUTIONSHIP  BETWEEN  BtWE  HINERAL  CONTENT  (BMC)  OF 
2 cs  CBOSS-SECIIOK  AMD  ULTBASOUND  VELOCITY  CALCULA- 
TED USING  CORTICAL  AREA  ESTIMATED  FROM  AN  ANTERIO- 
POSTEEIOR  RADIOGRAPH  OF  B()UINE  METACAWAL. 


CALCULATED  USING  CORTICAL  AREA  ESTIMATED  FROM 
MEASUREMENTS  TAKEN  FROM  BONE  CROSS-SECTIONS. 


BMC  (g) 


(IHC)  OP  2 CO  CPOSS-SECTION  AND  ULTRA- 
SOUND VELOOin  CALCULATED  USING  CORTICAL 
AREA  CSTIHATED  FROM  KEASUREHENTS  TAKEN 
FROM  BONE  CROSS-SECTIONS. 


FIGURE  31. 


FIGURI  32.  RELATIOSSHIP  BSmEEM  BODE  MIMEEAL  CMTENT  (BMC) 
OF  2 CO  CROSS-SECTION  AND  ULTRASOUND  VELOCITY 
CAUULAIED  USIBS  CORTICAL  AREA  COMPUTED  BY 
SCADS  COMPUTER  FROCRAH. 


ULTRASOUND 


INTEIiACTIONS 


e widely  end  in  oeny  ceeee  indiecrininecely  u 
Henson  Cl9dfi)  in  s review  oE  cbe  diagnoeis 


adiainiseered  alone  o 
copper  (Kirhhea  et  ac.,  1971). 


1).  Ho  iron  supplewenc  or  injection  alone 
n deficiency  in  hoceei.  Firec,  typical  diets  fed  c< 


diet.  Secondly,  horses  hove  Che  abUicies  Co  score  large  reserves  of 
Iron  deCiciency  sneeie  has  been  reported  in  esses  of  score  blood 


al.,  1984). 


dependent  on  ATP  end  oxidscive  mecsboUsm,  The  sesU  incescine  is  Che 


1980).  The  nechanisB  for 

regulsced  by  ebsorpeion  (Underwood,  1971) 
theory  of  the  control  of  iron  absorption 
spoferrtin,  conCeined  in  the  eplcheliol  c 


I can  be  cransported  via  Che  blood  (HBC, 


Another  theory  of  iron  absorption  ia  based  on  developisenc  of 
epithelial  cells  in  the  intestinal  villse.  Kucoael  cella  cake  up  iron 


absorption. 


nd  ia  lost  by  des<iuanation  of  the  eel 


the  oajoricy  of  iron  (3  to  4 g)  in  the  body.  Plaeiee  iron  la  also  fouQd 
coupled  to  the  iron  tranapoet  protein,  treaaferrin  which  can  carry  two 
soleculea  of  iron  per  craneferrin  nolecule.  Booe  narrow  contains 

iron  CO  BSC  precuraora.  The  narrow  also  functions  in  the 
reticuloendothelial  (RE}  systea  as  a site  for  iron  transport,  storage 
and  RflC  destruction.  The  RE  cells  are  reapooaible  for  destruction  of 

includes  the  spleen,  liver,  hone  narrow  and  lymph  nodes.  It  is  the  role 


et  iron  (Rigby,  l$70. 

Iron  necabolisii  rEudies  are  cooplicared  becaose  of  internal 
racycling.  Iron  froa  destroyed  RBC  is  preferentially  passed  to  plasoa 
transferrin  by  reciculoendotheial  cells.  It  is  Chen  carried  Co  Che 
•Barrov  for  RBC  forvacion  (Thoaaa,  1970). 

scores  of  iron  influence  absorpcion  (Mucosal  Bloch  Theory).  About 
of  body  iron  is  In  Che  scorage  fonaa,  forricin  and  haaoslderin,  found  in 

Iron  Toxicity 


(ReSO  )/kg  body  veighc  by  scomach  Cube.  The  aniaals  voalced  20  to  30 
nlnuces  afcar  doaing  and  scouriog  occurred  shortly  afterwards.  Within 

developed  posterior  paralysis  and  Cetonic  convulsions.  Caspbell  ec  al. 
<1960  also  reported  plasTsa  iron  values  iocreased  froa  123  g/100  I at 

2 d of  age  to  401  g/lOO  I sc  5 d of  age  after  Chat  they  decreased  Co 
53  g/100  I by  10  d. 

In  a study  conducted  by  Aomensan  at  al.  (1967)  with  six  calves  fed 
an  iron  depletion  diet,  greater  iron  absorption  was  noted  whan  body 
scores  were  reduced.  PoUowlng  dosing  with  Fe^^  the  liver  accuflulaced 
the  highest  concentration  of  Fe^^  followed  by  the  spleen.  Expariaents 


approiched  or  exceeded  thsc  Ln  Che  liver  in  non  iron  depleted  eheep. 

iron  over  load  Wicxleben  end  Cheffey  (1966)  injected  tnbbice  vith  iron 
eulfece.  The  nuchore  obeerved  diecorbencee  in  hepetocellvler  oxidative 

for  iron  toxicity.  Buck  et  ml.  (1976)  acated  Chat  when  Che  bindiog 


ceroa  of  iron  overload  and  toxicity  but  alao  in  cema  of  aocagooiacic 
having  ancagoniatic  relacionehips  with  iron  are  phoephorvs,  copper,  aii 


secela  (Zn,  Fe,  Kn  aod  Cu>  allowa  auch  cationa  to  be  aobacituted  for  one 
another  in  a^ny  enxyne  ayateme  where  theee  xinerala  act  aa  chelating 
agenta,  but  not  wheo  they  act  in  electron  traoafer. 

lowered  aerun  phoephorua.  Baaed  on  their  etudiee,  they  concluded  that 
calvea  could  tolerate  2000  ppa.  Early  etudiee  alao  reported  adveree 


11931)  reported  ch« 

n solution.  They  eugsdsted  thet  e slnilsr 

to  detemine  if  eddition  of  iron  to  e noorechitogeoic  diet 
the  mesorption  of  phosphorus  to  the  extent  rickets  could  hi 
Ueenling  rets  were  Fed  the  following  diets;  e control,  the  Stseobroi 
rechicogenic,  i ferric  chloride,  smooiu's  chloridet,  ferric  ch 
added  phosphorus,  ferric  amooiun  citrate,  ferrous  chloride,  r 
iron  and  an  organic  iron  diet.  The  results  indicated  that  hig: 

rickets.  Brock  end  Diaoond  (1930)  elso  found  that  Che  effects  o 
iron  could  be  overcotse  by  increasing  the  phosphorus  level  of  the 

diets  wee  equalised  with  decreased  intake  of  Che  high  iron  diets 

O’Donaven  et  al.  (1963)  allotted  24  pigs  to  four  groups  and 


0'0on«ven  ec  al.  {1963)  observed  riekecs  wish  decressed  serve  phosphorus 


The  iron-phosphorus  iocersction  tskes  piece  wicbio  the  liusen  of  rhe 

inporcear  rypes  of  Interscctons.  Hinersl  inCerecCions  sisy  occur  during 
Che  process  of  sbsorpion  in  Che  fons  of  coQpeCiCion  for  binding  sices  or 

volve  mecebolic  discurbeoces  chec  lend  Co 

CoCsies  (1958)  fed  high  levels  of  iron  Co  raCs  end  noced  decressed 
ebsorpcion  of  nengenese  and  iron.  The  incereccion  of  sucngeneee  with 
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capper  wee  tclereced  by  the  birde  with  no  detrlnentel  effecta.  However, 
decreeaed  weLghc  ^in  end  increaeed  Barcelity  wee  obeerved  ec  SO  ppm  or 


Early  work  on  the  iron  capper  releclonehip  BggEeaca  Chet  iron 

for  •Boveieenc  from  repository  ciesoea  CSourkee  et  el.,  1968).  This 
iftteraction  provided  the  link  between  iron  end  copper  in  eneteie.  There 


o evidence  t) 


RniDael,  1979).  Zinc  may  also  compete  for  bindini 


e hish  (El  Shobeki  and 


Influence  of  Pieterv  Iron  on  Growth.  Tieeue  Hinerel  Compoeition. 


Alchowgh  no  evideoce  emiate  Chat  iron  defieienciee  occur  in  boraee 

indiacriminecely  by  members  of  Che  horse  industry.  Dietary  iron 
supplements  end  injecceblea  ere  used  to  improve  packed  cell  volume  (PCV) 
and  hemoglobin  (Hb).  While  there  is  little  evidence  of  the  efficacy  of 
hemacinice,  there  may  be  a potential  for  iron  toxicity.  There  may  also 


be  poCencUl  for  entegonlstlc  Interections  between  phoephorue  «i 

eeruB  phoephorue  end  decreaee  bone  Btneralieetioe  (broeV  and  OisBond, 
1934;  O’Donevon  ec  nl.,  1963;  Kurugonri,  1972)>  Kunphriee  eC  el.  0983] 
reported  Chet  350  ag/hg  dletery  iron  cen  deplete  liver  copper  reeervee 
in  celvee  and  800  ogAg  iron  can  produce  eigne  o!  copper  deficiency. 


Becenc  luggeecione  by  Bridgee  et 

valuable.  The  objectives  of  chie  etudy 
dietary  levela  of  iron  either  alone  or  t 

phyeieel  propertied  of  third  Becacarpnls 


EXPERIHEVTAL  D! 


On«  veaoHnR  filly  uae  a< 


COMPOSITION 


pell«ced,  ground 

Soybean  neel  (44!t  CP 
Allalfe,  dehy. 


Izpcriaental  diece  fonoulaced  by 
edding  ferric  cirrete  <15. St  icon) 

^Premie  provided  11,000  USP  unira 
IV  Vit.  E/kg  o(  Che  diet.  ^ *"'*  '' 
^Preaix  provided  10.6  ag  aengneee, 


e experinental  diets  is  reported 


phoepboree,  copper. 


electronic  blood  cell 

leeh,  Plorids), 

Ibe  nethod  of  Fieke  end  Subberow  <1925).  Serus  celcioa,  copper,  eioc 

euthenieed.  Liver,  kidoep,  beset  end  cbe  left  end  rigbe  ebird 
copper,  cine  end  lugneeiun  were  detereined  bp  etomic  sbsorption 


TABLE  II.  ANALYSED  COH?OSITIOH  OF  EXFER- 
IHEirTAL  DIETS 


HA  ng/Vg 
Ho  Hg/llg 
So  =g/Vg 


t«Boved  «nd  HcIII  were  wrapped  in  .92  saline  soaked  gauze,  placed  ie 
plastic  bags  and  Crosen  at  -IS^C  until  further  analysis. 

cine  elapsed  as  sound  traveled  from  one  transducer  placed  on  the  lateral 
side  of  Hclll  and  a second  transducer  placed  on  Che  isedial  aide,  ac  the 
nidpoint  of  Che  bone.  The  cine  required  for  sound  to  travel  through  Che 

'as  displayed  on  a Hewlett  Pachard  oscilloscope^.  Calipers 
baorpcionetry  which  included  a collinaced  radionuclide  source  enltciog 


ric.  Walchan,  HA. 


designated  ea  foUowB:  AP  bone  dianecer  ( 
Uteronedlal  (LH)  bone  dianeter  (D),  and  L 
SquaCiona  for  calculating  area  indicaa  war 


a graphics  cablet, 

llean,  1973).  Caliper 
radiographs  were  eade  and 
),  A?  aedullary  diaeacar  (b). 


in  aCeera  fed  eaceaa  diecary  iron  haa  also  baen  reported  by  Coup  and 
Caapbell  (196A),  Xoong  et  al,  (1970)  and  Scandiah  at  al.  (1971). 
Sinilar  reeulta  have  been  reported  by  Scandiah  and  AmBenaan  (1971)  for 


1963)  and  I’arugouil  (1972)  reported  f 
'0  ng/kg  iron  performed  well  but  when 
to  5000  mg/hg,  average  daily  gain  and 


receiving  leaa  cl 
were  increaeed  C( 

was  reduced  (P<.05).  Althougb  plga  seen  Co  tolerate  high  iron  dieea 
ocher  monogaetrica  including  chickena  and  curkeya  have  demonacrated 
reduced  growth  at  600  at  500  ag/kg  iron  (Uoerpel  aod  eallouo,  1961; 
McGhee  ec  al.,  1965).  The  growth  performance  of  poniea  appeara  to  be 
unaffected  by  aupplemencal  iron  at  500  ng/kg  and  1000  mg/kg. 

n blood  valued  aaaociated  with  ii 


being  accumulated  at  the  1000  ag/kg  level, 
binding  capacity  wae  lowered  in  Che  high  iron  group.  The  p 
!rum  wan  alao  increeaed  for  the  1000  ag/kg 


aerua  P wae  decreaaed  (' 
by  iron  auppleiuencacioo 


rved  with  neruB  iron  increaeing  (P<.05) 

'dl  io  the  firac  28  d.  Period  effecce  were 

effeeca  (table  14)  on  aerua  P although 

SeruB  line,  however,  wee  lowered  (P<.05) 
500  ag/kg  iron  level,  Period  effecce 


The  ability  of  iron  aupplemencation  Co  increeae  R8C  PCV  Hb  ia 
innueocad  by  age,  apeciea,  iron  atatua.  dietary  aineral  Interaetiona 
end  other  faetora.  B.rvey  at  al.  (1984)  reported  PCV  end  Hb  decreaaed 
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tignificflfitly  during  Che  firec  Ctfo  veeki  in  newborn  foela  end  acayed  ii 
the  lover  portion  of  the  noresl  adult  horee  range  throughout  the  firat 
year  of  life.  They  reported  a PCtf  for  weanlinge  .3h  llcere/Hter  and 
.36  Ucera/licer  for  yearllnga.  Hemoglobin  valuei  of  veanlinga  and 
yearlinga  averaged  12.2  g/dl,  Had  blood  cell  counta  of  veanlinga  and 
yaarlinga  were  9.S  a 10*^/litar. 

Standiah  et  al  (19693  reported  no  change  in  PCV  and  Kb  in  217  to 
253  kg  ateeca  auppleoenced  with  incceaaing  levela  of  iron.  Koong  at  el 
(1970)  reported  PCV  and  Rb  were  increaaed  by  iron  aupplenentacion  in 

O'Donovan  et  al.  (1963)  placed  early  weaned  (S.21  lb)  piga  on  trie 

diet  waa  aupplemented  with  1102,  5102  and  7102  mg/kg  iron  but  noted  no 
Kirkham  et  al.  (1971)  aaslgned  136  Choroughbreda  in  training  to  12 


combination 


eupplement  or  injection  alone  improved  PCV  or  Hb. 

There  ia  little  evidence  of  iron  deficiency  an 
(McCulre  and  Heneon,  1968).  Typical  dieta  fed  to  h. 

Aoocher  important  factor  ia  Che  ability  of  horaea  c. 

by  50*  during  pecioda  of  acreaa  (Thomas  and  Pregin. 


activity.  Only  o 
,05  and  Pt.Ol).  Hi 


(1»M) 


reduced  eerun  phoepViorue  and  histological  ev 
aU  (1931)  io  another  early  study  reported  cl 


1000,  2000  mg/kg) 


(1970)  noted  increasing  iron  supplenencaEion  (500, 


Furugouri  (1972)  reported  that  serun  phosphorus  decreased  linearly  eich 
increasing  iron  and  increasing  length  of  tine  on  feed  in  pigs  fed  202, 

There  was  little  eoidence  that  iron  supplenented  at  500  or  1000 
mg/kg  had  adverse  effects  on  aerun  minerals  in  this  study.  The  only 


Bg/kg  eupplemental  i 
serum,  HcGuire  et  el. 


reported  lowered  spleen  and  pancreas 


Iron  did  not  eccuauLate  in  Che  spleen  or 


ng/kg  group  (496. BO  og/kg). 


difference  in  liver  and  kidney  phosphorus  between 
Bg/kg  group  had  lowered  phosphorus  in  the  epleen. 
in  Che  spleen  were  lowered  in  the  1000  ppm  iron 


supplemented  group. 


1 1 p 

m! 


"I  "I  "ll 

I I 


Spleen  end  kidney  sir 


U8 


not  effected  by  eny 


Aennerraan  ec  el.  09d7)  repotted  Pe  accuauletion  in  Che  liver  of 
iron  depleted  celvee.  However,  in  non-iron  depleted  sheep  Che  egthota 
reported  Pe^^  aecuBuletion  in  the  spleen  epproeched  or  exceeded  chat 

anchors  sosgesc  Chet  the  rancosel  block  theory  oechenian  can  be  only 
partially  applied  when  exceasive  icon  euppleaeotecion  occurs. 


eoneentrocions  rise.  When  the  serum  passes  through  Che  liver  and  spleen 
excess  icon  la  resioved  and  stored  in  these  organa. 


pegs.  The  authors  suggested  the  dietary 


HcHaughton  and  Day  (1979)  found  that  a ratio  of  20:1  (Pe;Ca)  adversely 
affected  gains.  PCV  and  Hb  in  growing  chicks. 

Huophries  et  al.  (I9B5)  reported  350  »g/kg  iron  depleted  copper 

Standish  at  al.  (1969)  and  Scaodish  et  al.  (1971)  found  increased 
dietary  iron  lowered  copper  and  sine  levels  in  the  liver. 


•bsorption  of  nongancso  and  iron.  The  interaction 


(Thoeina,  1970). 


61  Shobaki  a 
preferentially  br 


ilao  cOTBpece  for  binding  s 
protein  hecallothionein. 


for  the  apparent  absorption  of  phoaphorna  . 

by  dietary  iron  eupplenentation.  The  averi 
33.63Z  for  phospborua  and  50. 9Z  for  calciun  agrees 
by  Schryver  et  al.  (1971)  and  Schryver  et  al.  (i97£ 
bone  Croeth  and  Pevelopaent.  bone  rainerai  concent 


The  average  eoeffieieote 
I calcivB  was  not  affected 
a reported 


failure  and  breaking 

abaorpcion.  No  differencea  nerr 
laoduLua.  Ultrasound  evaluation 
of  aound  through  the  Hclll.  The 
cortical  area  as  deterained  by  S 


id  in  breaking  acrength  and  elastic 

I icon  group  had  a greater  (P<.05) 
circular  area  indea  and  elliptical 


errecT  of  metasv  isor  o 

APPARERT  ABSORPTION  OF. 
CALCILIN  AND  PKOSPHORDS  ' 


^D«C«  collected  duriftR  dcy  7S-S0, 


eot  (p<.on. 


A 


vere  undet«cced  by  phoComeCric  deniUoneE 

differencep  (P<.05)  were  ooted  b«t»een  the  control,  500  »g/bg  iron 
auppleoented  group  and  Che  high  iron  group. 

Oiecury  iron  eupplenencscion  did  not  appear  Co  be  detrinencal  Co 

eecabliahed  a nagacive  relacionahip  beCwoen  high  iron  incaVa  and  bone 
sinecal  oonCanc.  Cox  ac  al.  (1031)  reported  Chat  vhen  iron  wae  fed  co 

phoaphorua  of  bonaa  uaa  ceducad.  Iroch  and  Diaaond  (1934)  and  Rehc  and 

produced  avidenca  of  richaca  in  raca. 

O'Donovan  ac  al.  (1963)  and  Furugouri  (1972)  noted  aigna  of 
phoaphorua  deficiency  in  growing  piga.  Both  acudiaa  reporCad  lowered 
bone  aeh  and  aerum  phoaphorua  whan  iron  wae  aupplaaenCed  aC  5000  aig/»g 


a auggeaC  they  a. 


kora  colarant  c. 


Treacoanc  differencaa  in  BHC  nay  be  explained  by  non^uniforaicy  of 
weight  of  Che  poniea  aaaigned  to  treaCiaenta.  The  acandard  deviation  for 
Che  final  weighca  of  Che  poniea  were  control,  231  ♦ 50:  500  Bg/hg  iron 


th«  great  variabiUc;  ii 

Hechsnical  Forces  ere  thought  CO  I 
bone  growth  and  aineraltsacton  <Latiyon 
greater  and  nore  uoiCoro  weight,  that  . 


responaible  For  atieulating 


aanaged  under  elieilar  conditiona,  nay  be  expected  to  have  higher  BMC 
becauae  of  greater  forcea  acting  upon  bonee. 

Thla  auggeatlon  nay  be  aupporced  by  dlfferencee  aeeti  In  breehing 
load  and  cortical  area  <table  171.  Breaking  load  la  the  aeounc  of  fore, 
applied  at  bone  failure,  and  ie  directly  related  to  BMC  (Creoahew  et 
aU.  19811. 

aeen  In  BMC  detemined  by  ashing  the  Dececatpals  and  their  breaking 
ts.  Pbotoieecric 


showed  no  differences  In  velocity  seaaurenei 
densitofsetry  failed  Co  reflect  dlEferences 


nc  and  nanganeae  ni 


18.  EFFECT  OF  DIETMV  HOB  OB  PHOIOMETIIIC 
OENSITOKETIty  ESTIHATES  OF  BONE  MIHERAI. 
COBTENT  AKD  COSTI^l.  AKEA  OF  THIRD  HETA 
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